Introduction {#sec1-1}
============

Temporal lobe epilepsy (TLE) is the most prevalent kind of epilepsy in adults, usually characterized by hippocampal sclerosis and neurodegeneration.\[[@ref1]\] A well-characterized model of TLE is through intrahippocampal unilateral injection of the excitotoxic glutamate analog kainate, with subsequent retarded acquisition and impaired retention of visual-spatial information in memory tasks. Cognitive deficits and learning and memory impairment also represent a serious neuropsychological problem and the most common neuropsychological hallmark in TLE patients.\[[@ref2]\]

Vitamin E family comprises potent antioxidants that could act as chain-breaking antioxidant and protects cell membrane against oxidative damage.\[[@ref3]\] Vitamin E inhibits seizures induced by ferrous chloride, hyperbaric oxygen, and penicillin, where oxidative stress may have an important role in seizures development.\[[@ref4]\] Vitamin E has also a protective effect against pentylenetetrazole-induced toxicity by the inhibition of free radicals and support of antioxidant systems.\[[@ref5]\] Depletion of energy metabolites due to KA-induced seizures leads to oxidative stress and Vitamin E could attenuate this depletion.\[[@ref6]\] Vitamin E could improve cognitive dysfunction under conditions of enhanced oxidative stress.\[[@ref7]\] Therefore, we decided to evaluate whether Vitamin E could attenuate learning and memory deficits in this model of TLE.

Materials and Methods {#sec1-2}
=====================

All experiments were performed on adult male Wistar rats (250--300 g; *n* = 32) (Pasteur\'s Institute, Tehran, Iran). They were housed in a temperature-controlled colony room under light/dark cycle with food and water available *ad libitum*. Procedures involving animals were conducted in conformity with NIH guidelines for the care and use of laboratory animals, and its protocol was approved by the Ethics Committee of Shahed University (Tehran, Iran).
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### Experimental Procedure {#sec3-1}

Rats were randomly divided into equal-sized sham-operated (sham), Vitamin E-treated sham-operated (sham + Vitamin E), kainate, and Vitamin E-treated kainate (kainate + Vitamin E) groups. For intrahippocampal injections, rats were anesthetized with chloral hydrate (350 mg/kg), placed into the stereotaxic frame (Stoelting Co., USA) with the incisor bar set at 3.3 mm below the interaural line. The dorsal surface of the skull was exposed, and a burr hole was drilled in the skull using the following stereotaxic coordinates according to the atlas of Paxinos and Watson: Anteroposterior, 4.1 mm caudal to bregma; 4.2 mm lateral to the midline (right side), and 4--4.2 mm ventral to the surface of the skull. A 5 μl microsyringe filled with normal saline containing 0.8 μg/μl of kainate was placed over the burr hole and kainate solution was injected at a rate of

1 μl/min to induce an experimental model of TLE. Kainic acid (KA, Sigma-Aldrich, USA) was dissolved in cold normal saline just prior to surgery. The sham group received an equivalent volume of normal saline at the same stereotaxic coordinates. The microsyringe was slowly withdrawn after 5 min and the rat scalp was sutured. Vitamin E-treated groups received this vitamin (alpha tocopherol) (Sigma-Aldrich, USA) i.p. at a dose of 200 mg/kg/day starting 1 week before surgery and the last treatment was 1 h before surgery. Vitamin E was diluted in propylene glycol (Merck, Germany). The dose of Vitamin E was chosen according to previous reports on its antiepileptic activity.\[[@ref8][@ref9]\]

### Behavioral Assessment of Seizure {#sec3-2}

During the 24 h postsurgery, all animals were assessed and scored for the progression of seizures according to Racine\'s classification: 0, no reaction; 1, stereotypic mounting, eye blinking, and/or mild facial clonus; 2, head nodding and/or multiple facial clonus; 3, myoclonic jerks in the forelimbs; 4, clonic convulsions in the forelimbs with rearing; and 5, generalized clonic convulsions associated with loss of balance.\[[@ref10]\]

### Y-maze Task {#sec3-3}

Short-term spatial recognition memory performance was assessed by recording spontaneous alternation behavior in a single-session Y-maze as described before.\[[@ref11]\] Each rat was placed at the end of one arm and allowed to move freely through the maze during an 8-min session. The series of arm entries was recorded visually. Alternation was defined as successive entries into the three arms on overlapping triplet sets. The number of maximum spontaneous alternation was then the total number of arms entered-2 and the percentage is calculated as the ratio of actual to possible alternations (defined as the total number of arm entries-2).

### Single-trial Passive Avoidance Test {#sec3-4}

This test was conducted 2--3 days after Y-maze task and was conducted as described before.\[[@ref11]\] On the 1^st^ and 2^nd^ day of testing, each rat was placed on the apparatus and left for 5 min to habituate to the apparatus. On the 3^rd^ day, an acquisition trial was performed. Rats were individually placed in the illuminated chamber. After a habituation period (5 min), the guillotine door was opened and after the rat entered the dark chamber, the door was closed and an inescapable scrambled electric shock (1 mA, 1 s once) was delivered. In this trial, the initial latency (IL) of entrance into the dark chamber was recorded, and rats with ILs \>60 s were excluded from the study. Twenty-four hours later, each rat was placed in the illuminated chamber for retention trial. The interval between the placement in the illuminated chamber and the entry into the dark chamber was measured as step-through latency (STL up to a maximum of 400 s as cut-off).

### Determination of Hippocampal Malondialdehyde Concentration {#sec3-5}

The rats were anesthetized with ketamine (150 mg/kg) and decapitated. Hippocampi were isolated and blotted dry, and then weighed and prepared as a 5% tissue homogenate in ice-cold 0.9% saline solution. After centrifugation (1000 × *g*, 4°C, 10 min), the supernatant was aliquoted and stored at −70°C until assayed. The concentration of malondialdehyde (MDA) was measured as described previously.\[[@ref12]\]

### Assay of Hippocampal Nitrite Concentration {#sec3-6}

Supernatant nitrite (NO2^−^) content was assayed by the Griess method as described before.\[[@ref12]\]

### Measurement of Hippocampal Superoxide Dismutase Activity {#sec3-7}

Superoxide dismutase (SOD) activity was measured as previously reported.\[[@ref12]\]

### Protein Assay {#sec3-8}

The protein content of the supernatant was measured by the Bradford method.

### Statistical Analysis {#sec3-9}

Values were expressed as means ± standard error mean To compare the groups, nonbehavioral data were analyzed using one-way ANOVA followed by Tukey\'s *post-hoc* test. Seizure-related and learning and memory data were analyzed using the nonparametric Kruskal--Wallis test. Percentage of rats with spontaneous seizure was examined by Chi-square test. In all analyses, the null hypothesis was rejected at a level of 0.05.

Results {#sec1-3}
=======
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### Seizure Activity and Behavior {#sec3-10}

Sham and sham + Vitamin E groups showed no seizure activity during the first 24 h postsurgery. In contrast, all rats (100%) in kainate group exhibited high scores of seizures. In contrast, rats injected with KA and pretreated with Vitamin E exhibited only mild behavioral signs (lower seizure scores), as compared to kainate group. In this respect, only 37.5% of such rats had signs of seizures and this difference was statistically significant versus kainate group (*P* \< 0.05).

### Spatial Recognition Memory in Y-maze {#sec3-11}

[Figure 1](#F1){ref-type="fig"} shows the results of the performance of rats in Y-maze task. Both kainate and Vitamin E-pretreated kainate groups had a significantly lower alternation score as compared to sham-operated rats (*P* \< 0.01) and Vitamin E treatment of kainate group did not improve it. Locomotor activity of the animals was also assessed by counting the total number of arms visited by each rat \[[Figure 1](#F1){ref-type="fig"}\]. In this regard, there were no significant differences among the groups.

![Spontaneous alternation behavior and locomotor activity of animals as shown by the total number of arms entered in Y-maze task. \*\**P* \< 0.01 (vs. sham)](IJPharm-48-11-g001){#F1}

### Learning and Memory in Passive Avoidance Test {#sec3-12}

[Figure 2](#F2){ref-type="fig"} shows the performance of rats in passive avoidance paradigm as indicated by initial (IL) and STL. Kainate group developed a significant impairment in retention and recall in passive avoidance test (*P* \< 0.01) in comparison with sham group, as it was evident by a lower STL, and Vitamin E pretreatment of kainate group significantly improved it (*P* \< 0.05).

![Initial and step-through latencies in passive avoidance test. \*\**P* \< 0.01 (vs. sham), \#*P* \< 0.05 (vs. kainate)](IJPharm-48-11-g002){#F2}

### Oxidative Stress Markers {#sec3-13}

Kainate group showed a significant elevation of MDA (*P* \< 0.01) and nitrite content (*P* \< 0.05) and a significant reduction of SOD activity (*P* \< 0.05), and pretreatment of kainate group with Vitamin E significantly lowered MDA (*P* \< 0.05) and increased the activity of SOD (*P* \< 0.05) \[[Figure 3](#F3){ref-type="fig"}\].

![Malondialdehyde and nitrite content and superoxide dismutase activity in hippocampal homogenate. \**P* \< 0.05, \*\**P* \< 0.01 (vs. sham), \#*P* \< 0.05 (vs. kainate)](IJPharm-48-11-g003){#F3}

Discussion {#sec1-4}
==========

TLE is a neurological disorder with recurrent seizures.\[[@ref1]\] Intrahippocampal injection of kainate causes the development of seizures and a pattern of cell loss that is similar to that observed in TLE patients.\[[@ref13]\] Deficits of spatial hippocampus-dependent memory in experimental models of TLE have been previously reported.\[[@ref14]\] Mice with an intrahippocampal injection of KA show deficits of spatial learning and short- and long-term memories in a hippocampus-dependent large diameter pool Morris water maze task (MWM),\[[@ref15]\] which is rather consistent with our Y-maze task data. However, Y-maze task evaluates spatial recognition memory which does not involve a learning component and does not isolate memory performance,\[[@ref16][@ref17]\] and regarding these features, it is different from MWM task. Learning and memory were also impaired in pilocarpine epileptic mice.\[[@ref18]\] Adult mice with unilateral injection of kainate into the dorsal hippocampus show an impairment of acquisition and retention of memory.\[[@ref15]\] Impairment of cognitive processes in epileptic rats is attributed to the neurodegenerative processes in brain structures including hippocampal areas,\[[@ref15]\] astrocytic hypertrophy,\[[@ref19]\] and sprouting of new connections.\[[@ref20]\] In our study, retention and recall of stored information (as shown by STL) were impaired in kainate-injected rats that was consistent with previous studies using other memory assessment tests.\[[@ref15]\] Following kainate injection, there is an increased oxidative stress,\[[@ref21]\] and development of seizures is also associated with such condition.\[[@ref22]\] An increased production of reactive oxygen species could reduce cognitive function.\[[@ref22]\] On the other hand, deficiency of antioxidant redox systems could exacerbate the etiology of epilepsy.\[[@ref23]\] Increased lipid peroxidation in the brain has also been reported in pentylenetetrazole-induced epilepsy in rats.\[[@ref24]\] Vitamin E as a lipophilic antioxidant protects membranes from being oxidatively damaged by free radicals and attenuates lipid peroxidation in the brain.\[[@ref7]\] Although the role of inflammation in this model of TLE was not evaluated in the present study, Vitamin E may also exert a protective effect against cognitive impairment due to its anti-inflammatory activity.\[[@ref25]\]

Conclusion {#sec1-5}
==========

To conclude, Vitamin E could attenuate seizures and improve passive avoidance learning and memory, and part of its beneficial effect is due to its potential to mitigate hippocampal oxidative stress.
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